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I n 1991 the Centers for Disease Control and Prevention (CDC) published a revised statement on lead poisoning in children, which moved the whole blood lead (WBL) level of concern from 25 g/dL to 10 g/dL.
1 Because the epidemiology of WBLs at lower levels was unknown, the CDC recommended that all children be screened. If a large number of children were tested in a population and found not to have WBLs Ն10 g/dL, then screening in that population could be discontinued.
Between 1978 and 1990, average blood lead levels declined markedly. The National Health and Nutrition Examination Surveys (NHANES) II data from the late 1970s showed an average WBL of 12.9 g/ dL. Data from phase one of NHANES III, collected between 1988 and 1991, showed the average WBL to be 2.9 g/dL. 2, 3 This difference is presumed to be due mostly to the elimination of lead aerosols from automobile exhaust.
However, data from NHANES III show that a sizable number of children still have WBLs Ն10 g/ dL. Children at highest risk of having excess lead burden are children of color in low-income families living in central cities in large urban areas.
The current study assessed the epidemiology of elevated blood lead levels in the metropolitan area of Minneapolis-St Paul. The goals were:
1. To determine the prevalence of elevated WBLs among low-and high-risk children in the Minneapolis-St Paul metropolitan area, 2. To validate a prescreening risk assessment questionnaire, and 3. To determine whether universal screening of children for lead poisoning is necessary in this area.
This article presents the WBL results and associated risk factors. Risk assessment included both demographic data and data from prescreening questionnaires.
METHODS

Study Sample
A nonrandom sample from the metropolitan area of Minneapolis and St Paul was studied. Subjects were identified by the site of medical care. About 30% of the total sample were from the 17 clinics of a large health maintenance organization (HMO). The other 70% were from 16 community-based sites including health departments, community clinics, Women, Infants, and Children clinics, and hospital primary care clinics.
The HMO subjects provided wide geographic coverage of the 7-county metropolitan area. Almost all the children in the HMO had private health insurance and represent the low-risk portion of the population.
The community-based clinics provided subjects expected to be at high risk, using factors enumerated in NHANES III. Although the entire metropolitan area was not included in this portion of the sample, there were sites from the central city, suburbs, and exurbs. See Fig 1 for the geographic distribution of the entire study sample.
To assess the differences between the study sample and the 7-county metropolitan area, census data from 1990 were obtained. These census data define the reference population. Table 1 com-pares the demographics of the HMO population, the communitybased clinic (non-HMO) population, and the whole study population with the reference population. The HMO population was similar to the reference population. The non-HMO population was less likely to be white, more likely to live in poverty census tracts, less likely to live in post-1950 housing, and more likely to rent. Thus, the HMO population had a lower level of exposure for all four traditional risk factors (P Ͻ .0001 for all factors).
Research Design
The study was conducted for 1 year, from September 1, 1992 through August 31, 1993. An attempt was made to enroll all children who presented for well-child visits from 6 months to 6 years of age in the non-HMO subsample and from 6 months to 3 years of age in the HMO subsample. A blood sample was obtained and a risk assessment questionnaire was completed by the parent. In 9603 cases, questionnaires, blood samples, and informed consent were matched, and these are the data on which the analysis is based.
Most blood samples were collected by fingerstick using a standardized technique, and some by venipuncture. Two of the non-HMO sites did all testing by venipuncture. The protocol called for all fingersticks with a WBL Ն15 g/dL to be confirmed by venipuncture. This was not consistently done. WBL testing was performed at seven laboratories, all of which participate in the CDC proficiency program.
The same questionnaire was used at all sites. It was translated into Spanish, Hmong, Laotian, Vietnamese, and Russian. Data from all completed questionnaires were entered twice to verify accuracy. 2 was used for the univariate analysis. Stepwise logistic regression was used for further analysis. Information was analyzed using a cutoff of both 10 g/dL and 15 g/dL. At 10 g/dL the data were analyzed as HMO only, non-HMO, and total sample. At 15 g/dL the data were analyzed as non-HMO and total sample. The numbers of HMO subjects who were at or above 15 g/dL were too small for statistical analysis. Where appropriate, the data are reported as HMO, non-HMO, and total sample.
RESULTS
Blood Lead Levels
Children with WBLs at or above levels of 10, 15, and 20 g/dL were roughly 5 to 10 times as common in the non-HMO settings, compared with those in the HMO. Rates ranged from 15 1 ⁄2% at 10 g/dL to 1.5% at 20 g/dL in the non-HMO group and from 3.5% to 0.17% in the HMO group. Details are shown in Fig  2. At WBL levels of 10 g/dL and 15 g/dL, the non-HMO group was at higher risk for elevated lead levels (P Ͻ .0001 at 10; P Ͻ .001 at 15, respectively).
For both the HMO the non-HMO sample the proportion of elevated levels was greatest for the 1-and 2-year-olds.
The population was identified by site of medical care. Some sites serve groups of children who are at very high risk. The Homeless Shelter site in Minneapolis had two fifths of patients with WBLs Ն10, the Indian Health Board site had one third of patients with WBLs Ն10 and 8% with WBLs of Ն20, and Minneapolis Children's Hospital and North End Clinic both had one fourth of patients with WBLs Ն10.
Questionnaire and Demographic Results
Items on the questionnaire were analyzed to see if there was an association with elevated lead levels. Using univariate analysis, only one item, regarding distance from a lead emitting factory did not achieve statistical significance. Questions with the highest odds ratios were the following: a personal or sibling history of lead poisoning, a history of eating paint chips, and living in a home built before 1950 or of unknown age.
In three questions Ͼ2% answered "don't know." In the non-HMO sample, Ͼ2% answered "don't know" to age of housing. Those living in housing of unknown age (almost all of whom were in the non-HMO sample) had rates of elevated WBLs almost identical to those living in housing built before 1950. Thus, in the analysis these two groups are combined.
In both samples Ͼ2% answered "don't know" to proximity to a lead emitting factory and to daycare built before 1950. However, because these questions were not significant predictors when logistic regression was performed, no further analysis was done.
Using stepwise logistic regression, at a cutoff of 10 g/dL, the following four questions remained significant. Thus, these questions are used in further analysis:
1. Have you ever been told your child has lead poisoning? 2. Does your child have a sibling or housemate who has had lead poisoning? 3. Within last 6 months has your child lived in a home built before 1950? 4. Have you ever seen your child eat paint chips?
The questionnaire, demographic data, and geographic data were assessed together using stepwise logistic regression at the levels of 10 g/dL and 15 g/dL.
For the cut off of 10 g/dL, in order of descending odds ratios, the following factors were significant for the population as a whole and the non-HMO population. (Questionnaire items are presented as questions; see Table 2 ).
1. Have you ever been told your child has lead poisoning? 2. Have you ever seen your child eat paint chips? 3. Does your child have a sibling or house-mate who has had lead poisoning? 4. Within last 6 months has your child lived in a home built before 1950? 5. Poverty status (as defined geographically) 6. Native American or African-American race 7. Living in a dwelling for Ͻ6 months 8. Living in Minneapolis or St Paul
For children who were in the low-risk HMO population, at a cutoff of 10 g/dL, the following factors were significant in order of decreasing odds ratios:
1. Have you ever been told your child has lead poisoning? 2. Native American race. 3. Have you ever seen your child eat paint chips? 4. Within last 6 months has your child lived in a home built before 1950? 5. Poverty status (as defined geographically).
At 15 g/dL, the analysis was performed only for non-HMO and total populations. Again, in order of descending odds ratios, the following factors were significant for both analyses (see Table 3 ):
Characteristics 1. Have you ever been told your child has lead poisoning? 2. Have you ever seen your child eat paint chips? 3. Does your child have a sibling or housemate who has had lead poisoning? 4. Within last 6 months has your child lived in a home built before 1950? 5. Poverty status (as defined geographically). 6. Native American race.
Native American children had the highest prevalence of elevated WBLs at all levels, followed by black, Hmong, Hispanic, and white children. At a cut off of 10 g/dL, the prevalence for Native American, black, Hmong, Hispanic, and white children ranged from 27%, to 7% (P ϭ .000001; see Fig 3) .
Poverty played a crucial role in the elevation of WBLs. Poverty census tracts were defined by using a cutoff of both 10% and 20% of the families in that tract living below federal poverty levels. Making dichotomous cuts at both levels showed that children in census tracts defined as poverty areas had almost double the risk of elevated lead levels.
Housing was another crucial variable. Living in housing built before 1950 or of unknown age (as determined by questionnaire) doubled the percent of children with elevated WBL levels at all cutoff points. Rates for pre-1950 housing and housing of unknown age were identical. Length of time in current dwelling was a strong predictor of elevated WBL levels. Children living in their current dwelling Ͻ6 months compared with those residing in their home Ͼ1 year had a two-to threefold increased risk. 
